Previous studies on two species of the genus Rhynchocinetes (''hingebeak'' shrimps) have described mating systems in which large dominant ''robustus'' males, with hypertrophied cheliped and third maxilliped weaponry, guard and defend smaller females during copulation. The sexual system of these species is gonochoric (separate sexes). In this preliminary study on the sexual biology of R. uritai, we report observations indicating a very different sexual and mating system for Rhynchocinetes. A sample of R. uritai taken off Shimoda, Japan, revealed a population structure with small males and large females with no overlap in size. Two intermediate-sized individuals showed transitional sexual characteristics indicating sex change from male to female (protandrous sequential hermaphroditism). Transitional individuals had male sexual appendices but also were developing female ''breeding dress'' (incubatory) characters. Furthermore, these individuals had large vitellogenic oocytes in the gonads, typical of maturing ovaries. Mating observations were made on three receptive females to examine whether the smaller males employ the ''pure searching'' mating strategy. Matings occurred at night after female molting. Mating behavior was brief and simple: males approached and attempted to grasp the newly molted female, followed by a brief (, 2 sec) copulation, with no evidence of the complex ''caging'' (guarding) behavior described in two other Rhynchocinetes species. These observations on R. uritai suggest a ''pure searching'' mating system, in which mating is brief with little pre-or postcopulatory interaction between male and female and little or no agonistic behavior among males. Such a mating system is characteristic of decapod shrimp species with small males and larger females, i.e., the population structure observed in our sample.
INTRODUCTION
Mating systems, the behavioral strategies employed to obtain mates, include characteristics such as the number of mates, the manner in which they are encountered and obtained, degree of pair bonding, and parental care (Emlen and Oring, 1977) . Considerable variation in mating systems may occur within a particular animal group, both within higher (Wilson, 1975; Thornhill and Alcock, 1983; Dunn et al., 2001; Correa and Thiel, 2003) and lower taxonomic categories, i.e., intragenerically [Ranitomeya spp. (poison frogs), Brown et al., 2010 ; Pan spp. (bonobo and chimpanzee), Carnahan and Jensen-Seaman, 2008 ; Alpheus spp. (snapping shrimps), Knowlton, 1980 ; Lysmata spp. (cleaner shrimps), Bauer, 2000; Baeza et al., 2009] . Sexual dimorphism in body size, ''ornaments,'' and weaponry is often due to sexual selection, both intersexual (epigamic) and intrasexual, associated with particular mating systems (Darwin, 1871) . The evolution of mating systems and associated sexual dimorphism can often be explained by the ecological milieu and phylogenetic constraints.
Crustaceans are a group in which considerable variation in mating systems occurs (Salmon, 1983; Christy, 1987; Bauer and Martin, 1991; Duffy and Thiel, 2007) . Within the decapod crustaceans, the caridean shrimps are a particularly diverse group, both ecologically and taxonomically (Bauer, 2004) . Mating systems and associated sexual dimorphism in Caridea are correspondingly diverse, and four basic categories of mating systems have been documented (Correa and Thiel, 2003; Bauer, 2004) . In ''pure searching,'' small agile males more or less continually search for females that have just undergone a parturial (prespawning) molt. Mating occurs quickly with little or no pre-or post-copulatory behavior. In other carideans, a male may detect and seek out a premolt parturial female, guard her until the molt, when mating occurs, and then quickly abandon her to search for other such females (''search and attend ''-Correa and Thiel, 2003 ; ''temporary mate guarding' '-Bauer, 2004) . In a ''neighborhoods of dominance'' system, females are attracted to large dominant males and are guarded by them through both the mating molt and subsequent postmating spawning, e.g., Rhynchocinetes typus H. Milne-Edwards, 1837 in Correa et al. (2000) and Macrobrachium rosenbergii (De Man, 1879) in Karplus et al. (2000) . Many caridean species (especially Alpheidae, many pontoniines, some palaemonoideans and hippolytids) cohabit in more or less permanent male-female pairs, which are at least socially monogamous (''monogamy'' and ''extended mate JOURNAL OF CRUSTACEAN BIOLOGY, 31(2): 286-295, 2011 guarding'' - Correa and Thiel, 2003; Bauer, 2004; Baeza, 2008 Baeza, , 2010 .
Sexual dimorphism in body size and cheliped weaponry is usually correlated with mating system in caridean shrimps (Correa and Thiel, 2003; Bauer, 2004) . In Caridea, a pure searching mating system is characteristic of species with small males and larger females which have proportionately similar cheliped weaponry. In ''neighborhoods of dominance'' and ''temporary mate guarding'' systems, body size is somewhat to considerably larger in some males, whose weaponry (hypertrophied major chelipeds and/or spear-like third maxillipeds) is proportionately greater than in females or other males. Large males with extremely developed major chelipeds and/or third maxillipeds have been reported in Palaemonidae, e.g., M. rosenbergii (Kuris et al., 1987; Karplus et al., 2000) , Rhynchocinetidae (Okuno, 1994; Okuno and Takeda, 1992a, b ; best described in R. typus, Correa et al., 2000) , and Hippolytidae [Saron spp., Kemp, 1914; Tirmizi and Kazmi, 1971 ; Heptacarpus palpator (Owen, 1839) in Bauer (1977) ]. In monogamous mating systems, male-female size and weaponry are usually more or less similar. Thus, the sexual dimorphism in body size and weaponry is often a good a priori indication of the mating system in shrimps as in many other animal groups, as so well documented by Darwin (1871) and numerous others since (Orians, 1969; Thornhill and Alcock, 1983; Dunn et al., 2001; Shuster and Wade, 2003; Jarman, 2008) .
Sexual dimorphism may also suggest a species' sexual system which, like mating systems, may vary within families and genera of caridean shrimps. Although the majority of carideans studied to date are gonochoristic (separate sexes), there are numerous species with protandric hermaphroditism in which individuals first develop as a male phase (MP) and then change sex to a female phase (FP) (Bauer, 2000; Correa and Thiel, 2003) . In at least two genera, Lysmata and Exhippolysmata (Hippolytidae), this sequential hermaphroditism has evolved one step further. In this group, FP individuals retain elements of the male system after sex change, resulting in simultaneous hermaphrodites which breed readily and successfully as both male or female (protandric simultaneous hermaphoditism or PSH: Bauer and Holt, 1998; Bauer, 2006; Laubenheimer and Rhyne. 2008; Baeza et al., 2009; Braga et al., 2009) . Although all Lysmata species investigated have PSH, the sexual system of protandrous carideans may vary considerably within a genus, with either gonochoristic or protandric species, e.g., Pandalus, Thor, possibly Hippolyte, Processa, and Crangon (Bauer, 2000 (Bauer, , 2004 Correa and Thiel, 2003) .
The form of sexual dimorphism of a species often suggests the possibility of sequential hermaphroditism. Size-frequency distributions composed of small males and larger females, with little overlap in size and a lack of small (juvenile) females, is suggestive, although not conclusive, evidence of protandry (Bauer, 2004) . Although numerous ''small male, large female'' species are protandric in the Caridea, the majority are not (Espinoza-Fuenzalida et al., 2008) . Other evidence is needed to test the hypothesis of sequential hermaphroditism, i.e., individuals transitional in internal and/or external morphology between male and female and/or actual observation of sex change in captive individuals (Butler, 1964; Bauer, 1986; Baeza, 2007; Anker et al., 2008) .
The unusual and novel mating system of R. typus (''neighborhoods of dominance'') is characterized by alternative mating tactics, where dominant ''robustus'' males with hypertrophied major chelipeds and third maxillipeds are preferred as mating partners by females over smaller more agile ''typus'' males with less developed weaponry (Correa et al., 2003) . Robustus males compete among themselves (displays, fights) and with subordinate typus males for access to receptive females, which they guard and defend as mating and spawning takes place. In the tropical species R. brucei Okuno, 1994, robustus-like males have also been identified, and these guard females during mating interactions (Thiel et al., 2010) , similar to those (''caging'') documented for R. typus (Correa et al., 2003) .
There appears to be considerable variation in the type and degree of sexual dimorphism among the 14 presently known species of Rhynchocinetes, a genus with a tropical and subtropical distribution in rocky subtidal habitats worldwide (Okuno, 1997; Chace, 1997) . In descriptions of several species of Rhynchocinetes, large robustus-like males with hypertrophied weaponry have been observed, but such males apparently do not occur in other species such as Rynchocinetes uritai Kubo, 1942 from the subtropical Pacific (Okuno and Takeda, 1992a, b; Okuno, 1994) . Since sexual dimorphism in weaponry and body size is usually correlated with mating system in carideans (Correa and Thiel, 2003; Bauer, 2004) , we predicted that R. uritai should exhibit the ''pure searching'' mating system, similar as reported for many other caridean species which lack sexual dimorphism in weaponry and in which males are smaller than females. This difference in male and female body size alerted us that the sexual system of R. uritai might be protandric, unlike the gonochory of the better-studied R. typus. Therefore, our objectives in this study on R. uritai were to test preliminarily the hypotheses that 1) males are smaller than females, 2) this species is a sequential (protandrous) hermaphrodite, and 3) mating is pure search as in other small-male species. Herein we describe the morphometrics of a small sample of R. uritai, and we provide a brief description of their mating behavior, sexual system, fecundity, embryo size, developmental time and sperm cell structure.
MATERIALS AND METHODS
Shrimps were sampled in September 2009 near the University of Tsukuba's Shimoda Marine Research Center (SMRC), Shimoda, Japan (34u359540N; 138u569140E), on the southern tip of the Izu Peninsula. All shrimps were collected by hand and dipnet during scuba diving and snorkeling at water depths of 3-20 m. Rhynchocinetes uritai were taken from among crevices and small spaces of rocky substrata in the shallow subtidal ( Fig. 1) . Living shrimps were maintained at , 23uC in the seawater facilities of the SMRC in aquaria constantly supplied with running seawater. All specimens were preserved initially or after study in 95% ethanol.
Morphometric measurements were made using a stereomicroscope with an ocular micrometer on the 37 individuals collected. The measure of body size, carapace length (CL), was taken as the chordal distance from the posterior edge of the eye orbit to the middorsal posterior edge of the carapace. Specimens were sexed, using the presence (male) or absence (female) of an appendix masculina on the endopod of the second pleopod. Individuals within the male size range which lacked an appendix masculina were considered juveniles. For comparison with other Rhynchocinetes species, measurements were taken on the length of the distal segment of the third maxilliped, major chela (propodal length, i.e., the ''palm'' plus fixed finger), and number of dark corneous spines on the distal end of the third maxilliped. Measures on two characters associated with incubation of embryos (''breeding dress' '-Bauer, 2004) were taken: the flange width of the basis of the second pleopod (as in Bauer, 1986 ) and the height of the second pleonal pleuron, defined as the vertical chordal distance from the ventral edge of the pleuron to the middorsal line of the second pleomere.
The presence or absence of a vitellogenic ovary, visible through the dorsal carapace in preserved specimens, was determined and scored from 1 (no ovarian development) to 4 (ovary full of oöcytes, ready for spawning) as in Bauer and Holt (1998) . The embryos incubated by two females, which were preserved, were counted and degree of development scored (Bauer and Holt, 1998) . The greater (d 2 ) and lesser (d 1 ) diameters of 10 embryos, chosen haphazardly from each brood, were taken and measured to calculate embryo volume [oblate spheroid, V 5 1/6 ( p * d 1 2 * d 2 )] (Turner and Lawrence, 1979) . The embryo-incubation period (number of days from spawning to hatching) was recorded for the three females used in mating observations, which successfully spawned after mating and later hatched the embryos.
Sperm cells in the viscous, adhesive spermatic material inside the ejaculatory ducts were prepared for scanning electron microscopy (SEM) as in Bauer and Min (1993) . Spermatophore material was obtained from a mature male that was squeezed gently on either side of the posterior cephalothorax where the male gonopores are located (on the coxae of the last walking legs). The material was then spread on a plastic coverslip which had been previously immersed in a polylysine-L solution and then dried before use. The coverslip was then slowly immersed in 10% seawater formalin. It was later gently washed in distilled water and taken through an ethanol series (25%, 35%, 50%, 70%, 80%, 95%) to 100% ethanol, then into an equal mixture of 100% ethanol and 100% HMDS (hexamethyldisilazane) and finally into 100% HMDS (, 30 min each solution). The HMDS was drained and the specimen allowed to air dry before sputter-coating with 10 nm of gold. SEM observations were taken with a Hitachi H-3000 thermionic environmental scanning electron microscope.
Observations on precopulatory and mating behavior were conducted in a larger (females 1 and 2: 18 cm 3 32 cm surface area, filled to , 20 cm) and a smaller aquarium (female 3: 15 cm 3 18.5 cm surface area, filled to , 18 cm) with ambient seawater at 23uC. Molting and mating occurs at night in these nocturnally-active shrimps, and lighting for observations was provided by infrared illumination (IR, 810 nm wavelength) from above the aquarium. Observations were recorded with a Sony Handycam DCR-PCC330 digital video recorder (DVR) set at the ''nightshot'' option (camera sensitive to IR illumination) and high resolution mode.
For each mating observation (n 5 3), 3 males (5.2-7.3 mm CL) and a single parturial, premolt female were introduced into the aquarium after dusk (18 h) along with a flat stone on or along which these thigmotactic shrimps preferred to perch. The females used were incubating late-stage embryos when collected but then hatched them and were presumed nearing another parturial molt, which did occur during the mating observations. The DVR and 2 IR lamps were placed above the aquarium on tripods. DVR observations were taken at night, with laboratory lights extinguished. The following morning, observation of a molt skin in the aquarium indicated that the female had molted. The ovigerous females were removed and returned to isolated containers on running seawater tables to allow them to incubate embryos from the postmolt spawning.
RESULTS

Population Structure and Reproductive Morphology
A total of 24 males, 6 ovigerous females, 5 juveniles, and 2 ''transitionals'' were collected, sexed and measured. The size-frequency distribution of these 37 individuals shows that males are smaller than reproductive females and that the size distributions of the two groups do not overlap (Fig. 2) . All females were reproductive when collected, i.e., incubating a brood of embryos. Juveniles were individuals lacking an appendix masculina and without obvious external female characters. Juveniles occurred in the three smallest body-size groups (3-6 mm CL) along with more numerous males but were not found in the two largest male size groups (Fig. 2) . The basipod flange width of the second pleopod was strongly related to CL of male and juvenile shrimp, but that of the female was substantially wider than that of the males (Fig. 3A) . Similarly, the pleuron height was linearly related to male and juvenile CL, but females had substantially higher (expanded) pleura (Fig. 3B) .
The two individuals with both male and female sexual characters (''transitionals'') had, as do males of R. uritai and other caridean species, an appendix masculina on the endopod of the second pleopods (male: Fig. 4A, D ; transitional: B, E). The first pleopods of these two specimens are male-like, with an appendix interna (male: Fig. 5A, D ; transitional: Fig. 5B, E) , which is lacking on the first pleopods in females of most caridean species. In R. uritai, the endopod of the first pleopod of males has a prominent lateral lobe which the females lack (Fig. 5A,  arrow) (Chace, 1997) . The transitional individuals show less development of this feature (Fig. 5B, arrow) . The transitionals also showed elements of the female ''breeding dress'' (Bauer, 2004) , i.e., expanded flanges on the basipods of the first three pleopods (Figs. 4C, F) and expanded pleura (side plates) of the first three pleomeres, a character associated with spawning eggs and brooding embryos (Höglund, 1943) . Measurements on the pleopod 2 basipod-flange width and the height of pleonal pleuron 2 show the intermediate nature of transitional secondary sexual characters (Fig. 3A, B) . Gonads with maturing ovarian tissue could be observed by external examination of these two specimens. A bright yellow color in ethanolpreserved material is characteristic for the large vitellogenic oöcytes (Fig. 5C, F) in the gonads. The two transitionals were 6.9 and 7.7 mm CL, which places them in the largest two male size classes and just below the size classes of reproductive females (Fig. 2) .
The relative size of the major chelipeds and third maxillipeds (terminal article), as well as the number of corneous spines on the latter, differs among females, small subordinate (''typus'') and large dominant (''robustus'') males in R. typus (Correa et al., 2000) . In the R. uritai sample, the relative size of these characters does not appear to vary with sexual type (Fig 6A-C) .
Measurements on two important parameters of fecundity, brood and embryo size, were taken on the two reproductive females incubating stage-2 embryos. The two broods contained 2,076 and 1,676 embryos from a 8.4 mm CL and a 9.3 mm CL female, respectively. The means of the greater and lesser diameters of 10 embryos carried by the 8.4 mm CL female were 0.24 mm and 0.19 mm; those of the 9.3 mm CL female measured 0.21 and 0.22 mm, with a mean volume of individual embryos for both females of 0.005 mm 3 . Fig. 2 . Size-frequency distribution of Rhynchocinetes uritai collected on September 15, 2009, at Shimoda, Japan (n 5 37). Spermatophore material from a male used in breeding experiments was full of sperm cells (Fig. 7A, B) . Spermatozoids were composed of the usual caridean cap and spike (Fig. 7 C) but, unlike most other caridean sperm cells, the cap was extended into at least 9 rays connected at their bases by a thin membrane (Fig. 7 F) , similar to those described in R. typus by Dupré and Barros (1983) . The rays are folded above the spike in the spermatophore (Fig 7C) but upon exposure to seawater, the rays unfold (Fig. 7D-F) .
Mating Behavior A total of 3 complete matings of females that had hatched their brood within the previous 24 hours were arranged and recorded. All matings occurred during hours of darkness (night) and were first preceded by the female's molt. Males often appeared to recognize the upcoming molting event up to 5 min in advance, occasionally approaching or touching the female, which reacted to such advances by jumping away using tail flips (backward escape response) and/or by vigorous swimming. The males approached and touched the female during the molting process. In all three matings, at least one male started to cling to the female as soon as she initiated molting, i.e., once the female had shed the anterior part but not the posterior part of the exoskeleton. After the female completed the molt, she began a series of vigorous tail flips and/or forward swimming with males in pursuit. During these movements she often bumped into the Fig. 4 . Pleopod 2 characters of males and transitionals. A, pleopod 2 endopod of a male 6.8 mm CL with appendix masculina; B, pleopod 2 endopod of transitional (6.9 mm CL with developing ovary) with appendix masculina; C, pleopod 2 basis of same transitional showing width (white lines) of expanded incubatory flange; D, higher magnification of appendices interna and masculina in the 6.8 mm CL male. E, higher magnification of appendices interna and masculina in the 6.9 mm CL transitional individual; F. pleopod 2 basis of 6.8 mm male with very narrow flange (width indicated with black lines). a.i., appendix interna; a.m., appendix masculina; en, endopod. Scale bars: A, B, C, F 5 400 mm; D, E 5 100 mm. aquarium wall, suggesting that in a natural environment she would have moved appreciable distances from the molting site. More than one male would follow and contact the female, and within 1 min of molting one male grabbed the female and engaged in copulation. The male swung its body underneath the female, forming the typical mating cross observed in many caridean shrimps (see illustrations in Bauer, 1976; Berg and Sandifer, 1984) . The copulation, during which the male most likely transferred the spermatophore, was brief (, 2 sec). In one mating all three males clung to the female, and we could not clearly identify whether only one or possibly more males transferred a spermatophore. As soon as copulation had occurred the female jumped away and males refrained from clinging to it any further. After mating, one of the three males in each of three replicates maintained intermittent body contact with the female (touching it with the antennae) for times ranging from 40 sec to 187 sec (Table 1) . Spawning occurred consistently between 74.3 min and 98.5 min after molting (Table 1 ). All 3 females incubated and hatched the embryos after 13 d (at 23uC).
DISCUSSION
Our results indicate that the sexual system of R. uritai is protandrous, i.e., individuals first mature sexually as males and then later (when older and larger) change sex to females. The size-frequency distribution of our limited sample displays the classic portrait of a purely protandrous species (Bauer, 2004) . Males are smaller than females and the size distributions of the two do not overlap. We could not determine if the few juveniles observed were male or female, but, if the latter, primary females would be a small percentage of the population. Most individuals between 4 and 8 mm carapace length were males, suggesting that R. uritai mature first as males and then become secondary females. In support of this suggestion, we observed two Fig. 5 . Appendices internae of pleopod 1, male and transitional individuals, and developing ovary of the latter. A, pleopod 1 of 6.8 mm male, showing appendix interna and lateral lobe (arrow); B, pleopod 1 of 7.7 mm CL transitional individual with appendix interna and reduced lateral lobe (arrow); C, developing ovarian tissue with vitellogenic oocytes from the 6.9 mm transitional individual; D, higher magnification of appendix interna shown in A (6.8 mm male); E, higher magnification of appendix interna shown in B (7.7 mm transitional); F. vitellogenic oöcyte from the developing ovary of the 7.7 mm CL transitional. a.i., appendix interna; en, endopod. Scale bars: A, B, C 5 400 mm; D, E 5 100 mm, and F 5 235 mm. transitional individuals of intermediate size which show a mix of male and female sexual characteristics. They had both an appendix masculina on the second pleopods and an appendix interna on the first pleopods, as do caridean males. However, the lateral lobe of the pleopod 1 endopod, an R. uritai male characteristic (Chace, 1997) , is reduced. These two individuals exhibit definite female incubatory characters (''breeding dress'') consisting of expanded pleopod flanges and pleonal pleura. Perhaps most importantly, the gonads of these individuals are maturing ovaries (Bauer, 1986; Bauer and Holt, 1998) with yolk-filled vitellogenic oöcytes. The sexual system of R. typus and R. brucei, the only other rhynchocinetid species whose sexual biology has been investigated, is gonochoric, i.e., composed of separate sexes. Thus, our observations on R. uritai suggest that sexual systems may vary within the genus Rhynchocinetes.
We found no indication of ''robustus'' males with large body size and hypertrophied cheliped weapons as in R. typus (Correa et al., 2000) . Also, during extensive surveys of individuals in their subtidal habitat, no such males were seen (see e.g., Fig. 1) . Males of R. uritai were smaller than females, and relative sizes of the major chelipeds and third maxillipeds, important ''robustus'' male weapons, appeared similar in males and females. No reduction of the third maxilliped spines, a ''robustus'' male character (Correa et al., 2000; Thiel et al., 2010) , occurred with increasing size in males. Kubo (1942) , based on two males (smaller than the 10 ovigerous females in his ''R. uritai'' sample), stated that males have slightly larger third maxillipeds than females, which we did not observe. However, Okuno and Takeda (1992a) reported that Kubo's sample was a mixture of R. uritai and R. conspiciocellus Okuno and Takeda 1992a, the latter a species apparently with ''robustus'' males.
The two observations on fecundity indicate that females of R. uritai produce very small embryos and have large broods for a shrimp of its size. The early-stage embryo size observed is among the smallest reported for a caridean species (Bauer, 1991; Corey and Reid, 1991; Bauer, 2004) . Kubo (1942) reported egg sizes in R. uritai that were double than those reported here. However, he did not state their developmental stage, and caridean embryos often increase in volume with development (Corey and Reid, 1991) . Furthermore, as stated above, Kubo's specimens were a mix of two species.
Other aspects of female reproductive biology appear typical of a small-sized species from a shallow warmtemperate marine habitat (Bauer, 2004) . Based on the few observations made, females appear to produce successive broods, i.e., undergo a parturial molt soon after releasing larvae from a previous spawning. Incubation time of two weeks (spawning to hatching of embryos) appears typical for a caridean at 23uC (Bauer, 2004) .
The sperm cells of males, with a multirayed ''umbrella'' attached to the ''cap'' of the cell, are unusual for a caridean (Bauer, 2004) but appear typical for Rhynchocinetes, as previously described for R. typus by Dupré and Barros (1983) and observed recently in R. brucei (MT). Within the spermatophore, the umbrella of the spermatozoids is folded up, and only after exposure to seawater are the spermatozoids activated (umbrella unfolds) in all these species. The adaptive significance of such an unusual spermatozoid is difficult to hypothesize, especially given that the copulatory behavior and insemination are so different among species of Rhynchocinetes, as described below.
Sexual dimorphism in body size and weaponry is highly correlated with type of mating system in carideans (Correa and Thiel, 2003; Bauer, 2004 ). This appears to be true within Rhynchocinetes, where it is now apparent that there is considerable variation in sexual dimorphism and mating system among species of Rhynchocinetidae. In R. typus, large older ''robustus'' males with hypertrophied chelipeds and third maxillipeds attract the smaller females, which prefer them to the smaller, ''weapons-poor'' males (Correa et al., 2003; Díaz and Thiel, 2004 and references cited therein). Mating behavior in R. typus is complex and unusual compared to that of most other carideans, with prolonged ''caging'' (mate guarding) of postmolt females by males. Moderately developed ''robustus'' males and somewhat less complex mating interactions with postcopulatory mate guarding have been reported for R. brucei (Thiel et al., 2010) . In contrast, our observations on R. uritai indicate that males are smaller than females and have, proportionately, similar-sized weaponry.
Observed matings did not involve caging or prolonged interaction of any kind. Rather, our observations suggest that males attend females less than a minute before the latter's premating molt. Copulation was very short in duration, a few seconds at most, apparently with only one spermatophore transfer. Females rapidly became unattractive to males after copulation, and they avoid further male contact after copulation while preparing for spawning, which occurs within a few hours of mating. This type of sexual dimorphism and mating behavior is typical of caridean shrimps with a ''pure search'' mating system (Wickler and Seibt, 1981) in which males constantly search for receptive females, mate quickly, and abandon the female shortly thereafter, without any precopulatory guarding or complex behavior (Correa and Thiel, 2003; Bauer, 2004) . In such species, where males defend neither females nor resources, there is no selection for large male size and weaponry but instead for large female size correlated with increased fecundity.
The ultimate causes of the apparent variation in rhynchocinetid sexual dimorphism, mating systems, and sexual systems can only be speculated at this time. Comparative as well as experimental studies have indicated that, independent of phylogeny, factors such as predation pressure, food and spatial resources, trophic ecology, and social organization may cause such variation (alpheid shrimps: Knowlton, 1980 ; Lysmata spp.: Bauer, 2000; insects: Thornhill and Alcock, 1983; mammals: Emlen and Oring, 1977; birds: Dunn et al., 2001; poison frogs: Brown et al., 2010) . Such ecological factors then may or may not favor sexual selection, both by intersexual (epigamic) and intrasexual selection, resulting in the extremes of pure search mating systems with small males and larger females, e.g., in R. uritai, compared to smaller females and large robustus males with hypertrophied weaponry in neighborhoods of dominance systems, e.g., in R. typus and R. brucei. Table 1 . Timing of the three main events (female molting, spermatophore transfers, and female spawning), duration of male attendance and number of males interacting with females during mating interactions with receptive females of Rhynchocinetes uritai in the laboratory. STE-Spermatophore Transfer Event, FOV-moment when female was first identified as fully ovigerous. Time of low tide in the field is also provided. 
